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ABSTRACT 
BIOLOGY AND CONTROL OF CHESTNUT BLIGHT DISEASE 
CAUSED BY CRYPHONECTR1A PARASITICA (MURR.) BARR 
IN MASSACHUSETTS 
SEPTEMBER 1992 
JONG-KYU LEE, B.S., SEOUL NATIONAL UNIVERSITY, KOREA 
M.S., SEOUL NATIONAL UNIVERSITY, KOREA 
Ph.D., UNIVERSITY OF MASSACHUSETTS 
Directed by : Professor Terry A. Tattar 
One hundred and two virulent (V) strains of Cryphonectria parasitica were 
isolated from chestnut blight cankers on American chestnut trees (Castanea 
dentata) in western Massachusetts, and vegetative compatibility was investigated. 
The 102 strains fell into 54 vegetative compatibility groups (VCGs): 10 groups 
contained more than 2 strains in each, 6 groups had 2 strains per VCG, and 38 
VCGs contained only one strain each. A wide diversity of VCGs may due to the 
presence of C. parasitica in Massachusetts for at least 80 years. A representative 
strain from each of the 10 VCGs with more than two strains, was paired with 22 
hypovirulent (H) strains not native to Massachusetts ( 4 strains with French 
double-stranded RNA (dsRNA), 17 strains with Italian dsRNA, and 1 strain with 
American dsRNA). Some of the V strain could be converted to hypovirulent by 
the French and/or Italian H strains, but none were converted by the American H 
strain. 
vi 
Ten V strains from different VCGs were compared with 25 H strains, and 
with 29 strains convened to hypovirulence in cultural characteristics, 
pathogenicity, and phenol oxidase activity. Fungal growth, colony color, and 
pycnidial development were compared on various media. Fungal growth could be 
accentuated by the addition of ground bark or wood tissue to the media. Cultural 
characteristics were consistent among the V strains, but much variability was 
noted with the H strains. A rapid method (bark/wood test) for testing the 
virulence was developed, and compared with living tree inoculations and excised 
stem sections. The bark/wood test gave the fastest and most consistent results. 
Phenol oxidase activity of V strains was much stronger than those of H strains on 
the modified Bavendamm’s medium. 
Several H strains w ere cured by the treatments of glucose and cyclic 
nucleotides (cAMP. cGMP). When the H strains were cured, they took on the 
cultural characteristics of normal V strains and virulence was restored. DsRNA 
bands were not detectable by gel electrophoresis from the cured strains, while 
uncured strains retained dsRNAs. It is assumed that RNA-dependant RNA 
polymerase gene, which regulates RNA replications, was depressed by cyclic 
nucleotides. Subsequently, RNA replication was inhibited and virulence returns as 
all genes can be expressed. 
Ml 
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CHAPTER I 
DISEASE SURVEYS AND BIOCONTROL TRIALS WITH HYPO VIRULENT 
STRAINS OF CRYPHONECTRIA PARASITICA 
A. Introduction 
A hundred years ago American chestnut [Castanea <7emata( Marsh.) Borkh.] 
was a major tree of the hardwood forests of the eastern United States (Gravatt, 
1949). Its natural range stretched from Maine to Georgia. It grew faster than 
most other hardwoods. Its timber split easily, burned almost smokelessly, and the 
wood is resistant to decay due to tannins found in both bark and wood tissue. 
This resistance made the wood useful for construction, wood work, furniture, 
fencing, boxes, railroad ties, telegraph poles, mine timbers, and musical 
instruments. The extracted tannins supported a tanning industry wherever the 
tree was abundant (Kuhlman, 1978a). The nuts provided food for human, 
domestic animals, and wildlife in the forests. 
Chestnut blight, caused by the fungus Cryphonectria parasitica (Murr.)Barr, 
was first noticed in the New York Zoological Garden in the Bronx in 1904 
(Merkel, 1905). In 1906, William A. Murrill of the New York Botanical Garden 
identified the fungus which enters the chestnut through wounds in the bark, and 
named it Diaporthe parasitica. The species was transferred to the genus Endothia 
by Anderson and Anderson (1912). In 1977, Barr reevaluated the Diaporthales 
and renamed the genus Cryphonectria. 
1 
The symptoms were bark cankers, wilting of the distal foliage, and the 
formation of epicormic sprouts directly below the canker. Orange fungal stromata 
pushed through the epidermis, and in these, pycnidia and perithecia were found. 
In moist conditions, sticky orange tendrils of conidia were extruded from the 
pycnidia. Cankers are not easily seen on mature bark, where often the first sign 
of blight infection is the formation of the epicormic shoots below the canker. 
The disease spread very rapidly, and by 1950 the disease occurred through 
the entire natural range of American chestnut from Maine to Alabama, and west 
to the south east edge of Michigan (Gravatt, 1949). The mechanism of 
dissemination was initially thought to be wind dispersal of conidia. Conidia in 
tendrils would not be carried far by wind (Heald et al., 1915). The conidia remain 
viable in the soil for a long time and might be dispersed by wind-borne dust 
(Heald and Gardner 1914). Ascospores are expelled forcibly from perithecia, and 
might be carried long distances by the wind (Rankin, 1912; 1913). Although the 
conidia may not be wind-borne, they have been recovered in large numbers from 
the surfaces of insects, birds, and mammals (Russin et al., 1984; Scharf and 
DePalma, 1981). European chestnut (C. sativa Mill.) are very similar to American 
chestnut trees, and when blight was first found in Italy in 1938, the epidemic was 
much like that in the United States (Woodruff, 1946; Pavari, 1949). Chestnut 
blight may have occurred in Spain at about the same time but positive 
identification was not reported. The disease was found in France about 1946, 
Switzerland about 1951, Greece by 1964, and Turkey by 1967 (Turchetti, 1978). 
2 
Chinese (C. mollissima Bl.) and Japanese (C. crenata Sieb. & Zucc.) chestnut trees 
proved to be resistant to the fungus. This finding led early mycologists and plant 
pathologists to speculate that the origin of the chestnut blight fungus must have 
been in China and Japan. 
There has been no evidence that C. dentata is evolving genetic resistance to 
the disease, and chemical control methods have not proved useful (Anagnostakis 
1982). A chestnut breeding program was begun in Connecticut in 1931. Attempts 
to produce " American-like " chestnut trees resistant to the fungus have been 
made. These have included hybridization with the more resistant Asian species 
(Jaynes and Dierauf, 1982), irradiation of nuts from American chestnut (Dietz, 
1978), and breeding of the remaining large American chestnut trees (Thor, 1973). 
However, a tree breeding takes many years, and its results are uncertain. 
Many fungicidal and fungistatic chemicals, including methyl-2- 
benzimidazole carbamate (MBC) solution and several related benzimidazole 
compounds, have been applied to blight cankers over the years with some success 
(Jaynes and Van Alfen, 1977). Cost, however, has made these methods 
impractical. 
Soil compresses had been applied to kill the fungus in cankers of C. 
parasitica from specimen trees of C. dentata (Weidlich, 1978). A soil treatment of 
active cankers with mud was found to cause active cankers to go into remission, 
thereby allowing recovery of the infected tree. This result suggested that soil, 
3 
especially soil microorganisms, may exert an inhibitory effect on the growth of C. 
parasitica. 
About 15 years after the chestnut blight was first observed in Italy, 
Antonio Biraghi (1953) reported " spontaneous healing " of cankers on European 
chestnut (C. sativa) in northern Italy. Later Jean Grente (1965) reported that 
strains he collected in Italy caused the same phenomenon in France. Grente and 
co-workers termed this strain " hypovirulent", and proved that the factors 
responsible for hypovirulence were transmissible. Natural recovery of European 
chestnut from chestnut blight has been attributed to hypovirulence in the chestnut 
blight fungus C. parasitica (Grente and Berthelay-Sauret, 1979; Mittempergher, 
1979; Turchetti, 1979). 
Hypovirulence, a decrease in pathogenicity and a reduction in sporulation 
of C. parasitica, was closely associated with the decrease of blight severity on 
European chestnut (C. sativa) in both Italy and France (Grente and Sauret, 1978). 
In C. parasitica, hypovirulence was associated with cytoplasmic double-stranded 
RNA (dsRNA), that was transmissible among strains of same or similar 
vegetative compatibility (Anagnostakis and Day, 1979; Day et al., 1977; Kuhlman 
et al., 1984). 
The spread of hypovirulence in C. parasitica in France has depended 
largely on the inoculation of cankers on large trees in orchards with hypovirulent 
(H) strains. Attempts to control chestnut blight by hypovirulence conversion in 
the United States have concentrated on smaller American chestnut trees (Jaynes 
4 
et al., 1980, 1982; Kuhlman, 1983). Inoculation of cankers, however, is laborious, 
time-consuming, and expensive. Chances for controlling blight in the United 
States may be increased if hypovirulent inoculum could be applied economically, 
in large amounts. Biocontrol using H strains on cankers had been investigated to 
find the most efficient technique. Four treatments methods using eight H strains 
from several vegetative compatibility (v-c) groups and with different origins of 
dsRNA, were compared, and it was found that the mixture of H strains was the 
most effective at reducing canker areas (Anagnostakis, 1982). Conidial 
suspensions of H strains were also sprayed to protect American chestnut from the 
infection of C. parasitica (Scibilia et al., 1989). The purposes of this study were to 
(1) determine the status of fungus pathogen of chestnut blight in western 
Massachusetts, and (2) to evaluate the biocontrol efficiency of H strains converted 
from Massachusetts virulent (V) strains on the cankers. 
B. Materials and Methods 
1. Site selection 
Disease survey of chestnut blight in western Massachusetts were conducted on 
two sites in Cadwell Memorial Forests (Fig. 1.1). Cadwell Memorial Forests is a 
research forest of University of Massachusetts and located in Pelham, Massachusetts. 
Two sites were selected and designated plot A (70 x 60 m) and plot B (70 x 50 m). 
American chestnut trees were found with many oaks and beeches in both plot A and 
5 
plot B. Average percentage of sprouts of American chestnut in both plots was 
approximately 60 %. 
2. Disease survey 
American chestnut trees growing in plot A and plot B were rated as to; (1) 
incidence of trees with canker, (2) number and position of cankers on tree, (3) size of 
cankers, and (J) DBH (Diameter at 1.4 m aboveground) of all trees. 
3. Biocontrol trials 
Massachusetts V strains from different v-c groups (PE 18, PE20, PE23, PE27, 
PE51, HK27, HK34, and SB2) were inoculated on the American chestnut trees that 
had no cankers and looked healthy ( 3 to 5.5 cm in diameter). Bark tissue was 
removed with a cork borer (7 mm in diameter) to the cambium and then an agar 
plug with mycelium cut from the edge of actively growing virulent fungal cultures of 
C. parasitica was inserted in the hole, and the inoculation site was covered with 
water-proof tape. At least, three inoculations (one each on three different trees) of 
each strain were done. After 12 months, mixtures of 10 H strains, converted from 
Massachusetts V strains by hyphal anastomosis with H strains, were used to treat the 
initiated cankers. Four plugs of bark (7 mm in diameter) around the circumference 
of the cankers were removed with a cork borer. The holes were filled with mixtures 
of mycelium (mycelial slurry with agar) and cover with water-proof tape (masking 
tape) to prevent desiccation. Canker length and width were measured 2, 10, 12 
6 
months after the inoculations of V strains, and another 2, 7, 10 months after 
treatments with mixtures of H strains. 
C. Results 
1. Disease survey 
In two plots, plot A and plot B, trees with cankers and trees without 
cankers were examined and plotted (Fig. 1.2, 1.3). Most of the trees in plot A 
and plot B had been infected with chestnut blight fungus, even though new stems 
had sprouted from the root collar and appeared to be healthy. In plot A, 201 
trees were checked and 130 trees (65%) had at least one canker, while 71 trees 
had no cankers. In plot B, 91 trees were checked and 47 trees (52%) had at least 
one canker and 44 trees had no cankers. An average of trees with at least one 
canker was 61% (177 out of 292 trees) in both plot A and plot B (Fig. 1.4). 
These cankers appeared to be caused by virulent strains of C. parasitica. Cankers 
had erumpent fungal stromata bearing sexual and asexual spores in the bark, and 
had adventitious branches growing below the cankers (Fig. 1.5). 
In both plot A and plot B, the average DBH of all trees was 4.65 cm; 
4.27 for the trees with cankers, 4.90 for the trees without cankers. The 
percentage of trees with cankers increased as DBH range increased; 54% in the 
range of DBH up to 1.5 inches, 60% in 1.6-2.0, 71% in 2.1-2.5, 92% in over 2.6 
(Fig. 1.6). The number of trees with more cankers was lower than the number of 
7 
trees with few cankers, but the average DBH of trees with more cankers was 
higher than that of trees without cankers (Fig. 1.7). Cankers were found 
anywhere on the trees, most often at 1.1-1.5 m above ground, but the average 
size of cankers decreased as the canker positions increased (Fig. 1.8). 
2, Biocontrol trials 
Canker sizes expanded continuously after the inoculations of virulent 
strains on healthy trees in August, 1990. Canker expansion rate was faster from 
June to August than other periods. On the trees treated with H strains, canker 
expansion rate was retarded after the treatment of mixtures of H strains in 
August, 1991. However, within 2 years, most of trees inoculated with V strains 
were dead, even if mixtures of H strains were treated 1 year after inoculation. 
Trees inoculated with V strains, PE20 and HK27, and treated with mixtures of H 
strains survived and produced diffuse cankers (Fig. 1.9). 
D. Discussion 
The percentage of diseased trees increased as DBH increased. This means 
that older trees are more likely to have disease infections. Average DBH of diseased 
trees increased as the number of cankers increased. This means that older trees 
have more cankers. The position of canker formation was not specific on trees, but 
random. 
8 
Treatment of the infected trees with hypovirulent strains was successful, 
canker expansion stopped and then " healing " occurred. However, the occurrence 
of many v-c groups among virulent strains in North America has been a serious 
obstacle for control with hypovirulent strains. In this experiment, the mixtures of 
hypovirulent strains converted from the 10 different v-c groups was used to reduce 
this problem. However, there were still many problems. When the cankers 
produced by the inoculation of V strains was fully expanded, it was very hard to heal 
the cankers by one treatment of mixtures of H strains. Proper time and frequency 
for the treatments of mixtures of H strains should be considered. Therefore, the 
discovery of hypovirulent strains, able to convert virulent strains from many different 
v-c groups to hypovirulence (multi-converters), produce many spores and disseminate 
very well in the natural conditions, might be very helpful for the control of blight. 
In order to find these strains, we need studies on genetic determinants of vegetative 
incompatibility of multi-converters. 
9 
Fig. 1.1. Location of Cadwell Memorial Forests in Pelham, Massachusetts 
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Fig. 1.4. Percentage of American chestnut trees (Castanea dentata) infected 
with Cryphonectria parasitica in plot A and plot B. Pelham, Massachusetts. (A) 
Percentage of infected trees in plot A, (B) Percentage of infected trees in plot 
B. Average percentage of diseased trees in plot A and plot B = 61% 
(177/292). 
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Fig. 1.5. Canker caused by Cryphonectria parasitica on American chestnut tree in 
Pelham, Massachusetts. This is a typical canker caused by virulent strains of C. 
parasitica with erumpent fungal stromata bearing sexual and asexual spores in the 
bark, and an epicormic shoot just below the cankers. 
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up to 3.9 4.0-5.2 5.3-6.4 over 6.5 
DBH (cm) range 
Fig. 1.6. DBH (Diameter at 1.4 m aboveground) ranges of American 
chestnut trees (Castanea dentata) surveyed in Pelham, Massachusetts. 
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Fig. 1.7. Number of cankers on American chestnut trees (Castanea 
dentata) infected with Cryphonectria parasitica in Pelham, Massachusetts. 
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Fig. 1.8. Canker positions on American chestnut trees (Castanea dentata) 
infected with Cryphonectria parasitica in Pelham, Massachusetts. 
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Month/Year 
Fig. 1.9. Canker areas (cm2) before and after treatment with mixtures of hvpovirulent 
strains of Cryphonectria parasitica converted from Massachusetts virulent strains on 
American chestnut trees (Castanea dentata) in Pelham, Massachusetts. 
D : dead trees, F : trees produced diffuse canker. 
18 
CHAPTER II 
VEGETATIVE INCOMPATIBILITY AND HYPO VIRULENCE 
CONVERSION OF CRYPHONECTR1A PARASITICA 
A. Introduction 
Spontaneous healing of blight cankers on European chestnut (Castanea 
sativa Mill.) were reported in northern Italy about 15 years after the disease was 
first observed in Italy (Biraghi, 1953). Strains collected from healing bark were 
described as low-virulent variants of pathogen, Cryphonectria parasitica 
(Murr.)Barr (Grente, 1965). The variants had little or no pigment, and could 
control lethal infections on European chestnut. These strains were called 
" hypovirulent" and it was proved that the factors responsible for hypovirulence 
were transmissible (Grente, 1965; Grente and Sauret, 1969a, 1969b). Normal 
strains became hypovirulent through hyphal anastomosis with hypovirulent strains. 
Virulent (V) strains that become hypovirulent after fusion with a 
hypovirulent strain are said to be converted. If conversion takes place in a canker 
on a host tree (Castanea spp.) infected with chestnut blight, the tree produces 
callus tissue at the edge of the canker. Therefore, it was considered that the 
determinants of hypovirulence could be potentially useful as biocontrol agents of 
chestnut blight (Grente and Berthelay-Sauret, 1978). Because of these naturally 
occurring hypovirulent (H) strains, chestnut blight is no longer considered a 
problem in Italy and is being controlled in France by the artificial spread of 
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similar strains. The use of H strains of C. parasitica in eastern North America, 
however, has not been as successful. Since H strains, which are either non- 
pathogenic or weak-pathogenic, have been used to control blight cankers on 
American chestnut [C. dentata (Marsh.)Borkh.], vegetative incompatibility in C. 
parasitica had great concern because of its potential for restricting transmission of 
hypovirulence and successful spread of H strains (Anagnostakis, 1977). Control is 
successful when double-stranded RNA (dsRNA) virus is transferred from H 
strains to V strains through hyphal anastomosis. 
Vegetative incompatibility has been reported in many Ascomycetes and a 
few Basidiomycetes. Vegetative incompatibility restricts the transfer of nuclei and 
cytoplasmic elements during vegetative growth (1) by preventing hyphal 
anastomosis, (2) causing death of cells joined following anastomosis, or (3) 
restricting the growth of the resulting heteroplasm or heterokaryon. Andes (1961) 
reported that C. parasitica strains paired on PDA either merged, formed a zone 
of inhibition, or formed a ridge of pycnidia where they met. 
In C. parasitica, vegetative incompatibility is heterogenic and allelic. That 
is, viable anastomoses are formed only between strains which have identical 
alleles at all of the vegetative compatibility (v-c) loci (Anagnostakis, 1988b). 
When strains of C. parasitica are paired on PDA, strains in the same 
compatibility group will merge with each other where the colonies meet, and the 
hyphae will anastomose. Strains in different groups form a barrage line: the 
colonies will not merge, and lines of pycnidia usually form along the barrage. 
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Occasionally the barrage reaction is faint, with a noticeable line between the 
strains, but no pycnidia formation along the line. It is clear that some kind of 
network for v-c types exists that allows some cytoplasmic transmission in spite of a 
basic incompatibility. This may be the result of several levels of vegetative 
incompatibility, or may be due to strains being different at single or certain v-c 
loci (Anagnostakis, 1988b). With increasing numbers of differing alleles of 
vegetative compatibility (vc) genes, there is a decreasing transmission of 
hypovirulence between strains (Anagnostakis, 1982c; Anagnostakis, 1984c). In the 
United States, C. parasitica has differentiated into more than 100 vegetative 
compatible groups (VCGs) over 70 years, whereas there are only several VCGs 
in Italy (Anagnostakis et al., 1986). In order to control chestnut blight effectively 
in a forest situation, it is necessary to understand this incompatibility. 
In the United States, Anagnostakis and Jaynes (1972) checked the growth 
of cankers in greenhouse seedlings and field trees by inoculating them with 
European H strains from Grente. In 1976, native north American H strains were 
discovered in Michigan, and later in Tennessee, Maryland, Pennsylvania, New 
York, Virginia, West Virginia, and Kentucky (Day et al., 1977; Anagnostakis, 
1982a). The cultures retained the normal orange pigmentation of V strains, but 
they fit many of the criteria used to define hypovirulent strains. 
Almost all infectious H strains examined contained dsRNA as cytoplasmic 
genetic elements (Day et al., 1977; Hillman, Fulbright, personal communication). 
However, those that contain dsRNA vary widely in cultural characteristics, 
21 
pigmentation, and pathogenicity; some are nearly as pathogenic as the normal V 
strains (Elliston, 1979). Transmission of hypovirulence determinants and the 
resulting conversion occurs following hyphal anastomosis between H and V strains 
(Grente and Sauret, 1969; Van Alfen et al., 1975). When hypovirulence genomes 
are transferred into the cytoplasm of strains which lack them, the morphology 
and virulence of the V strains are changed. The V strains begin to mimic the 
cultural and virulence phenotype of the H strain. The frequency and stability of 
anastomoses between different strains of C. parasitica are determined by several 
genes that govern vegetative compatibility. The genes in the cytoplasm of H 
strains are on, or associated with dsRNA viruses. The converted strain will be 
usually have the same dsRNA banding pattern profile as the donor H strain used 
in conversion (Anagnostakis, 1981b). The purpose of this study was to investigate 
vegetative compatibility groups (VCGs) of C. parasitica in western Massachusetts 
and convert V strains from the 10 most common VCGs with H strains. 
B. Materials and Methods 
1. Fungal isolation 
Bark samples from chestnut blight infected American chestnut (C. dentata) 
were collected in Pelham, Holyoke, and Shutesbury, Massachusetts from 
December, 1989 to May, 1990. Samples were obtained from the advancing 
margins of canker by using a 7 mm cork borer dipped in 70% ethanol. 
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C. parasitica strains were isolated by placing each sample, bark side up, on 2% 
water agar (Fig. 2.1). Mycelium grew around each bark sample onto the agar at 
25°C. Two or three days later, an agar plug with mycelium was then transferred 
to PDA (DifcoR) and incubated in the dark at 25°C. Isolated fungal strains were 
maintained on PDA and transferred weekly. Stock cultures were kept on PDA 
slants at 4°C. 
2. Vegetative compatibility determination 
Vegetative compatibility groups (VCGs) were determined by cross-pairing 
the entire 102 Massachusetts C. parasitica collection. Small plugs (3 mm x 4 mm 
x 2 mm) of PDA containing rapidly growing mycelium, were cut from the edge of 
isolated fungal cultures that were less than 5 days old. Several plugs were placed 
3 mm apart on fresh PDA plates, and then incubated in the dark at 25-27°C for 
5-7 days (Fig. 2.2). Formation of a barrage line between two different fungal 
strains was indicative of vegetative incompatibility. 
3. Hypovirulent strains 
Twenty-two hypovirulent (FI) strains (17 strains containing Italian dsRNA, 
4 strains with French dsRNA, and 1 strain with native north American dsRNA) 
were provided by Dr. S.L. Anagnostakis, Conn. Agric. Exp. Sta., New Haven, CT 
(Table 2.1). All H strains were used for the conversion of representative strains 
from the 10 most common VCGs of Massachusetts virulent (V) strains. 
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4. Hypovirulence conversion 
One representative V strain from each of the 10 vegetative compatibility 
groups UM-A through UM-J were paired with each of 22 H strains of C. 
parasitica. Agar plugs (5 mm in diameter) containing mycelium from rapidly 
growing fungal cultures were used as inoculum for pairing experiments. One plug 
of a V strain, and one of a H strain were placed 5 mm apart on fresh PDA 
plates, and incubated at 25-27°C for 3-7 days. A 16 hour photoperiod in white 
fluorescent light was provided during incubation. The V and H strains were 
grown until mycelial contact between the two strains was apparent. Conversion of 
the V strain was indicated if cultural sectoring became evident. Also, the growth 
rate of the sectored V culture usually became noticeably decreased. Mycelium 
from the margin of the converted V strain, as distant from the H strain as 
possible, was transferred to fresh PDA to confirm that the cultural characteristics 
had been successfully converted to those similar to the H strains. 
C. Results 
1. Vegetative Compatibility Groups (VCGs) 
Fifty four vegetative compatibility groups (VCGs) were found. These 
groups were designated as UM (University of Massachusetts) groups. Ten groups 
had more than 2 strains in each, and the remaining 38 VCGs had only one strain 
per group. About half of the strains (52 out of 102), comprised the 10 groups 
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designated UM-A through UM-J (Table 2.2). Different degrees of vegetative 
incompatibility were noticed among the Massachusetts virulent strains; some 
pairings produced strong barrage line with pycnidia along the line, others 
produced faint line with no pycnidial formation (Fig. 2.4). 
2. Hypovimlence conversion 
All 10 Massachusetts V strains could be converted to hypovirulence by at 
least one of the 22 non-Massachusetts H strains. Three V strains were converted 
by H strains in VCG 16, 19, or 24, and six were converted by H strains in VCG 5, 
10, or 40. Two of the 4 French H strains, 10 out of the 17 Italian H strains, and 
the single American H strain, were unable to convert any of the Massachusetts V 
strains (Table 2.3). Conversion morphology was usually evident 5-7 days after 
pairing, but a few pairings showed conversion within 2 days. In almost all cases, 
the growth rate of the V strains were noticeably faster than that of the H strains. 
When the conversion occurred, the growth rates of V strains usually noticeably 
decreased and colony morphology also changed to those similar to the H strains 
used in conversion (Fig. 2.3). The average conversion capacity of 22 H strains 
was 12.3 % and ranged from 0 % to 60 %. 
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D Discussion 
Great dhersir. in vegetative compatibility was observed among the 
Massachusetts Y strains. This ma\ be attributed to the normal rate of natural 
ueneric .arianon of G parasitica over an 80 year period of time since chestnut 
blight was first reported in Massachusetts. Different degrees of vegetative 
comparixlit) among Massachusetts V strains supports the suggestion that some 
kind of netw ork for v-c pipes exists that allots some cytoplasmic transmission in 
spite o: a basic i lib ill tv Tuts mav be tie result of several levels of 
\ ezerair. e noonoutimir-. or may be due to strains being different in single or 
more of v-c loci < A ~ar~ os takes. 1988b), 
All of tie representative strains from tie 10 most common \ CGs could be 
convened m* pairing with a: least one of me H strains, and one H strain 
converted several V strains mom different VCGs. This means that some 
eze tamer* incompatible nairmgs allow the transmission of dsRNA virus. 
Tnerefore. hytxjsTmience conversion capacity is more broader than vegetative 
compatibiiir*. Using r-o H strains, CP30 (v-c 24; and CP7r2 (v-c 5). all 
representative strains from the 10 most common \ CGs of Massachusetts \ strains 
conic be convened to hypovinilence. Anagnostakis and Day (1979) showed that 
the conversion of • strains from 38 \ CGs occurred after contact with H strains 
from only four VCGs, 
Martin and Van Alter (1991) measured the movement of dsRNA virus 
between colonies by usum colony in situ Hybridization techniques. They detected 
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dsRNA in virulent colonies between 1 and 2 days after the colonies touched, and 
throughout the periphery of the virulent colonies by 2 days after touching. The 
time required for hypovirulence conversion was various; rapid conversion was 
detected by the changed morphology of V strains in 2 days after pairing as 
compared to the 5-7 days for slow conversion. 
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Table 2.1. Descriptions and sources of hypovirulent strains of Cryphonectria 
parasitica used in hypovirulence conversion. 
Strain 
Nn 
Description and Source 
ATCC No. Conversion1 Origin2 Phenotype3 VCGs4 
CP6 [I] 22508 CP6[Italian H] CP6 (UV mutant, CT) met' 8 
CP29[I] 38754 CP29[Italian H] CP29(Guilford, CT) W 16 
CP30[I] CP30[Italian H] CP30 (Palmerton, PA) w 24 
CP37[I] CP37[Italian H] CP37 (Kentucky) w 19 
CP42[F] 38751 CP42[French H] CP42 (Mt.Carmel, CT) w 5 
CP46[I] CP46[Italian H] CP46 (Tuscany, Italy) w 11 
CP49 38759 Original H Tuscany, Italy w 12 
CP59[F] CP59[French H] w 9 
CP59[I] CP59[Italian H] w 9 
CP62[I] CP62[Italian H] CP62 (SCI of CP49, 
Tuscany, Italy) 
w 12 
CP74[I] CP74[Italian H] CP74 (Hamden, CT) w 18 
CP88 38757 Original H Rockford, MI o 13 
CP110[I] CP110[Italian H] CPI 10 (Hamden, CT) w 5 
1 H = Hypovirulent strain, AAI = Arnold Arboretum isolate, 
V strain used in conversion! donor H strain ]. 
2 SCI = Single conidium isolate, CT = Connecticut, KN = Kentucky, 
PA = Pennsylvania, MA = Massachusetts. 
3 W = White, N = Normal pigment, F = Almost flat, O = Orange, 
met' = Methionine-requiring. 
4 VCGs = Vegetative Compatibility Groups. 
Continued to the next page 
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Table 2.1. (Continued). 
Strain 
No. 
Description and Source 
ATCC No. Conversion1 Origin2 Phenotype3 VCGs4 
CP713 52571 EP155[EP113] EP113(Les Mayons, France) W 40 
CP747 52575 EP155[EP419] EP419(Mt.Amaita, Italy) W 40 
CP748 52572 EP67 [EP420] EP420( ) W 10 
CP752 52573 EP42 [EP420] EP420( ) w 5 
CP802 52574 EP67 [EP113] EP113(Les Mayons, France) F 10 
K1 Original H Natural Bridge, KN N 
AA3 AAJ[French H] Arnold Arboretum, MA w 
AA14 AAJ[French H] Arnold Arboretum, MA w 
AA22 AAJ[French H] Arnold Arboretum, MA w 
1 H = Hypovirulent strain, AAI = Arnold Arboretum isolate, 
V strain used in conversion[ donor H strain ]. 
2 SCI = Single conidium isolate, CT = Connecticut, KN = Kentucky, 
PA = Pennsylvania, MA = Massachusetts. 
3 W = White, N = Normal pigment, F = Almost flat, O = Orange, 
met' = Methionine-requiring. 
4 VCGs = Vegetative Compatibility Groups. 
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Table 2.2. Vegetative compatibility groupings of Massachusetts virulent strains of 
Cryphonectria parasitica. 
Location1 Pelham Holyoke Shutesbury 
VCGs2 
UM-A 3 
# of Strains # of strains/VCG 
3 
UM-B 10 - - 10 
UM-C 4 - - 4 
UM-D 3 - - 3 
UM-E 3 - - 3 
UM-F 4 - - 4 
UM-G 3 4 - 7 
UM-H - 8 - 8 
UM-I - 5 1 6 
UM-J - 1 3 4 
UM-K - 2 - 2 
UM-L - 2 - 2 
UM-M - - 2 2 
UM-N 1 - 1 2 
UM-O - 1 1 2 
UM-P - 1 1 2 
Single isolate groups3 23 11 4 38 
TOTATS 54 35 13 102/54 VCGs 
1 Fungi isolated from American chestnut trees (Castanea dentata) in Pelham, 
Holyoke, and Shutesbury, Massachusetts. 
2 VCGs = Vegetative Compatibility Groups, determined by cross-pairing strains. 
3 38 VCGs contained only 1 isolate per group. 
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Table 2.3. Conversion of Massachusetts virulent strains of Cryphonectria parasitica 
to hypovirulence. 
VCGs1 UM-A UM-B UM-C UM-D UM-E UM-F UM-G UM-H UM-I UM-J 
Virulent2 PE18 PE20 PE23 PE26 PE27 PE51 HK18 HK27 HK34 SB2 
Hvpovirulent3 
CP42 [F]4 5 
CP59 [F] 
CP713 
CP802 
CP6 [I]7 
CP29 [I] C C 
CP30 [I] C C 
CP37 [I] 
CP46 [I] 
CP49 [I] 
CP59 [I] 
CP62 [I] 
CP74 [I] 
CP88 [I] 
CP110[I] 
CP747 
CP748 
CP752 
AA3 [I] 
AA14 [I] 
AA22 [I] 
K1 [A]8 
c6 
c 
c 
c c c 
c - c 
c c c 
c 
c 
c 
c 
c 
c - c c 
c - c c 
c 
1 VCGs = Vegetative Compatibility Groups. UM = University of Massachusetts. 
2 Massachusetts virulent strains, one representative from each Massachusetts 
VCGs. PE = Pelham,MA; HK = Holyoke,MA; SB = Shutesbury, MA. 
3 Hypovirulent strains provided by Dr. S. L. Anagnostakis, Conn. Agric. Exp. 
Sta. 
4,7,8 p _ prench dsRNA; I = Italian dsRNA; A = American native dsRNA 
(Kentucky). 
5 - = Virulent strains unable to be converted to hypovirulent. 
6 C = Converted, virulent strains successfully converted to hypovirulent. 
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Fig. 2.1. Fungal isolation of Cryphonectria parasitica from bark samples of 
American chestnut tree (Castanea dentata) infected with chestnut blight. Bark 
samples were collected from the margin of an actively growing chestnut blight 
canker and placed, bark side up, on 2% water agar for fungal isolation. 
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Fig. 2.2. Vegetative compatibility pairings of Cryphonectrici parasitica strains. Agar 
plugs containing actively growing mycelium placed, up side down, 3 mm apart on 
fresh PDA plates. Plates shows 2 days after inoculation. 
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Fig. 2.4. Formation of barrage lines (BL), which indicates vegetative 
incompatibility between two paired strains of Cryphonectria parasitica. Usually 
pycnidia formed along this line. 
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CHAPTER HI 
CULTURAL CHARACTERISTICS, PATHOGENICITY, AND PHENOL 
OXIDASE (LACCASE) ACTIVITY OF CRYPHONECTRIA PARASITICA 
STRAINS 
A. Introduction 
The presence of dsRNA viruses in the chestnut blight fungus, Cryphonectria 
parasitica(Mmr.)BarT, is correlated with the hypovirulence phenotype. Genetic 
information responsible for this hypovirulence resides on cytoplasmically 
replicating dsRNA viruses (Anagnostakis and Day, 1979; Bazzigher et al., 1981; 
Day et al., 1977; Grente and Sauret, 1969a, 1969b; Van Alfen et al., 1975; Choi 
and Nuss, 1992). Hypovirulence-associated symptoms are reduced virulence, 
altered colony morphology (Anagnostakis, 1982a; 1984a,b; Elliston, 1985a), 
reduced conidiation (Anagnostakis, 1984a,b; Elliston, 1979), reduced oxalate 
accumulation (Anagnostakis, 1984a,b; Havir and Anagnostakis, 1983), reduced 
laccase production (Rigling et al., 1989), and reduced pigmentation 
(Anagnostakis, 1982a; 1984a,b). An environmental factor, such as light, also 
influence on these traits (Anderson, 1914; Puhalla and Anagnostakis, 1971; 
Hillman et al., 1990). 
Differences between hypovirulence-associated traits conferred by different 
dsRNA species led to the proposal that hypovirulence-associated symptoms are 
not general debilitation, but the results of specific action of dsRNA-encoded gene 
products. Differential accumulation of poly(A)' RNA (Powell and Van Alfen, 
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and virulence-associated polypeptides (Powell and Van Alton, l*>871)) h;is 
been reported between virulent and hypovirulent strains. Those results indicated 
that dsRNAs affect specific fungal gene expression (Powell and Van Allen, l()87a, 
W*b). Recently, transformation of a virulent, dsRNA-free strain with a 
complementary DNA (cDNA) copy of coding domain [ ORF A (open reading 
frame')] in L-dsRNA of a hypovirulent strain CP713 yielded transformants with 
traits similar to those exhibited by the dsRNA-containing hypovirulent strain 
(Choi and Nuss. l'Wa.b). These results established a direct cause and effect 
relationship between dsRNAs and specific phenotypic traits. 
The main objective of this study was to compare the cultural 
characteristics, pathogenicities, and phenol oxidase (laccase) activities of 
Massachusetts virulent strains, hypovirulent strains, and hypovirulent strains 
convened from Massachusetts virulent strains. Furthermore, in order to study 
and evaluate C parasitica hypovirulence, a rapid, convenient, and reproducible 
pathogenicity test is critical. A new method (bark and wood tissue sections) for 
testing the pathogenicity of C. parasitica strains was developed as an efficient C. 
parasitica pathogenicity test, and the results were compared with data from 
inoculations to living trees and cut stem sections. 
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B. Materials and Methods 
1. Fungal strains and cultural conditions 
Ten Massachusetts virulent strains, which were different from each other 
in vegetative compatibility groups, 25 hypovirulent strains (17 strains with Italian 
dsRNAs, 4 strains with French dsRNAs, 4 strains with American dsRNAs), and 
27 hypovirulent strains, which were produced by pairing the virulent strains with 
hypovirulent strains on agar, were used (Table 3.1). All fungal strains were 
grown on Potato Dextrose Agar (PDA, DifcoR) in petri dishes at 25°C for 5 days. 
Stock cultures were maintained on PDA slants at 4°C. Inoculums for cultural 
characteristics, pathogenicity tests, and phenol oxidase activity tests were 
obtained by using a sterilized cork borer to cut 5 mm diameter plugs of agar with 
mycelium from the advancing edge of actively growing colonies. 
2. Cultural characteristics 
Agar plugs were used to inoculate plates of PDA, PDA with ground bark 
tissue (5g/l), and PDA with ground wood tissue (5g/l). Twigs (1 cm in diameter) 
were excised from both American chestnut trees and Chinese chestnut trees. 
Bark tissue was separated from wood tissue and both were dried in plant tissue 
drying oven at 80°C for 72 hours. Dried tissues were ground in a Wiley mill 
(General ElectricR, Model 5XBGOOBD, rpm 1,725) to pass through the finest 
screen (#60 mesh). The ground bark and wood tissue were added to the media 
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before autoclaving. An agar plug was placed, with the fungal mycelium side 
down, on the center of plates of each medium. Three inoculations of each strain 
were done. Inoculated plates were incubated in the dark at 25-27°C. Colony 
diameters were recorded 5 days after inoculation. In addition, colony 
morphology and pycnidial development were recorded. 
3. Pathogenicity tests 
a. Living tree inoculations 
In early August of 1990, American chestnut trees (2.3-4.3 cm in DBH) 
growing in Cadwell Memorial Forest, Pelham, Massachusetts were inoculated as 
described by Elliston (1973) by placing fungal mycelium agar plugs (7 mm in 
diameter) into holes cut in the bark to the cambium, and then covering each with 
water-proof tape (Fig. 3.1). At least three inoculations (one each on three 
different trees) of each strain were done. After 2 months, canker length and 
width were measured, and areas were calculated using the formula for an ellipse. 
b. Excised stem sections 
Inoculations of cut stem sections from American chestnuts were performed 
as described by Fulbright (1984). Stems (2-3 cm diameter) were cut into 30 cm 
long pieces, and the cut ends sealed with parafilm. A plug of bark was removed 
from each piece with a 7 mm cork borer, and an agar plug with mycelium was 
inserted. Each inoculation site was then sealed with parafilm to prevent 
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desiccation, and the samples were placed in the dark at 25°C with 95% relative 
humidity (Fig. 3.2). At least three inoculations (each one on three different 
excised stems) of each strain were done. After 5 weeks, canker length and width 
were measured, and areas were calculated using the formula for an ellipse. 
c. Bark and wood tissue sections 
Excised stems were cut into 2.5 cm long pieces. Each piece was bisected 
longitudinally, and the bark and wood tissue were separated using forceps. An 
agar plug was placed, with the fungal mycelium side down, on the center of each 
inner bark and wood tissue section. Samples were then incubated in the dark at 
25°C on moistened filter papers inside petri dishes (100 x 15 mm) (Fig. 3.3). At 
least three bark and three wood pieces were used for each fungal strain. After 3- 
4 days, the necrotic area of mycelial colonization was measured. Samples were 
then incubated for an additional 2.5 weeks to see if pycnidia would develop. 
4. Phenol oxidase (iaccase) activity tests 
Fungal strains were grown on the modified Bavendamm’s medium (MBD) 
(Rigling et al., 1989) and several other media containing different phenolic 
compounds; gallic acid (GA), gallic acid methyl ester (GAME), gallic acid 
lauryl ester (GALE), catechin (CAT), or tannic acid (TAN). MBD contained 
0.5% tannic acid (MallinckrodtR), 1.5% malt extract (DifcoR), 2% bacto agar 
(DifcoR), adjusted with NaOH to pH 4.5. The tannic acid solution and malt 
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extract agar suspension were autoclaved separately and mixed before dispensing 
into petri dishes. Other media contained 0.5% phenolic compounds, 1% glucose 
as a carbon source, 0.2% glutamic acid as a nitrogen source, and 2% bacto agar. 
Plates were inoculated with 5 mm diameter agar plugs with mycelium and 
incubated in the dark at 25°C. Color changes on the media, which indicates 
phenol oxidase activity, were checked 4 days after inoculations. Colony growth 
and color reaction were also compared. 
C. Results 
1. Cultural characteristics 
All of the Massachusetts virulent strains showed almost identical cultural 
characteristics on PDA. They were yellow in color, and had a pycnidial 
formation. However, hypovirulent strains were variable in both colony color and 
pycnidial development. Most of the hypovirulent strains with European dsRNAs 
were white in colony color, and had no pycnidial formation, except for the 
hypovirulent strain 802 with French dsRNA (EP113) which was yellow in color, 
and had no pycnidial formation. All native north American hypovirulent strains 
tested were yellow in color. Converted strains of Massachusetts virulent strains 
took on the cultural characteristics of the hypovirulent strains used to convert 
them. 
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All Massachusetts virulent strains grew rapidly, while hypovirulent strains 
and converted strains grew slowly on PDA. Growth rate of virulent strains was 
increased with the addition of ground xylem or phloem tissue to the media (Table 
3.2). Again, results with the hypovirulent and converted hypovirulent strains were 
variable (Table 3.2, 3.3). Growth rate of the virulent strains was consistently 
faster, as compared to that of the hypovirulent and converted hypovirulent strains 
on the same media (Table 3.2, 3.3, 3.5). 
2. Pathogenicity tests 
a. Living tree inoculations 
The wide variability in canker sizes caused by the various fungal strains 
were noted when inoculated into the living trees. However, in general, the 
cankers on trees produced by virulent strains were larger than those by 
hypovirulent strains or converted hypovirulent strains (Fig. 3.4). Also the physical 
appearance of cankers on trees inoculated with virulent strains was noticeably 
different than from those infected with hypovirulent or converted hypovirulent 
strains. Cankers made by virulent strains had orange pycnidia at the wound site, 
and the cankers were slightly sunken. Cankers made by hypovirulent or converted 
strains had no pycnidia and no sunken areas. The hypovirulent strain 802 was the 
only notable exception. Although this strain has been confirmed as hypovirulent 
strain, the canker size produced was larger than other hypovirulent strains. But, 
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other than size, the canker characteristics produced by 802 resembled those 
caused by hypovirulent strains. 
b. Excised stem sections 
Canker sizes were variable when the excised stem sections were inoculated 
with the various strains of C. parasitica. However, in general, the canker areas 
of virulent strains on excised stem sections were larger than those of hypovirulent 
and converted hypovirulent strains (Fig. 3.5). There were no differences in the 
physical appearance of cankers produced by virulent, hypovirulent, and 
converted hypovirulent strains. Neither virulent nor hypovirulent strains had 
orange pycnidia on the cankers. The differences were canker sizes and sunken 
areas. 
c. Bark and wood tissue sections 
The bark and wood tissue tests gave much clearer and more consistent 
results. Virulent strains always produced abundant, spreading mycelium which 
covered the bark and wood tissue (Fig. 3.6). The necrotic areas caused by 
hypovirulent strains infections never exceeded 2 cm2, while those under virulent 
strains were consistently larger (Fig. 3.7). When the incubation time was extended 
to three weeks, pycnidial development followed. Hypovirulent strains did not 
produce abundant mycelium or any pycnidia, even after three weeks of 
incubation on the bark and wood tissue (Fig. 3.8). The only exception, again, 
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was the fmster-growing, yellow-orange hypovirulent strain 802, which did wlmw 
minintal pycnidial development after the extended incubation. However, a while H 
strain that grew even faster than 802 on PDA produced a relatively much smaller 
necrotic area than 802 on bark/wood tissue, and produced no pycnldia after extended 
incubation. The data from inoculations of each C. parasitica strain on bark tissue was 
consistently very close to the data from inoculations with the same fungal strain on 
wood tissue (Fig. 3.9). Therefore, the averages of both bark and wood tissue data 
were combined for comparison to the data sets from living trees and cut stems. The 
results in Figure 3.7 reflect the combined averages of both bark and wood tissue. 
3, Phenol oxidase (laccase) activity test 
The modified Bavendamm’s medium (MBD) gave the clearest and most 
consistent results. Virulent strains consistently turned this medium dark brown, while 
hypovirulent and converted hypovimlent strains, in general, produced noticeably 
lighter shades of yellow to brown (Fig. 3.10). American native hypovirulent strains 
gave relatively stronger color reactions than hypovimlent strains of European origin. 
Generally, colony growth and color reaction of virulent strains on MBD were 
correlated (Table 3.5), while those of hypovirulent and converted strains were not 
correlated (Table 3.6, 3.7). The defined medium containing tannic acid gave similar 
results, but was not as consistent as MBD (Table 3.8). 
44 
D. Discussion 
The growth of all C parasitica strains was enhanced if ground chestnut 
xvlem or phloem tissue was added to the media. The ground tissue may add 
additional nutrients to the media, and/or may be responsible for induction of 
useful metabolic pathways in the fungus. Cultures appeared to grow as well on 
ground phloem tissue as they did on ground xylem tissue. Virulent strains grew 
slightly better on media containing .American chestnut tree bark tissue than on 
media supplemented with Chinese chestnut tree bark tissue (Significant at p = 
0.05 according to Duncan's new multiple range test). This is interesting result 
since the Chinese chestnut tree used is more resistant to chestnut blight than the 
.American chestnut trees used. Hypovirulent strains did not show this difference. 
Massachusetts virulent strains of C. parasitica were strongly pathogenic. 
When converted to hypovirulence, pathogenicity was markedly reduced. The 
changes in cultural characteristics and pathogenicity must be due, at least in part, 
to the influence of genetic information contained on the dsRNA virus. 
The wide variability in canker sizes produced by the fungal strains on living 
trees may due to genetic variation in the trees. The bark and wood tissue section 
method offers many advantages over other pathogenicity tests. Within only 3-4 
days after inoculation with the fungi, an accurate estimation of pathogenicity can 
be made. These results are clear, consistent, and correlate well with results from 
the other pathogenicity test methods using the same fungal isolates. Many fungal 
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strains can be tested on tissue collected from a single tree. This is economical, 
saves time, and eliminates any possible genetic variability among tissue samples. 
Alternatively, the bark/wood test samples need not be confirmed to a single tree 
for accuracy. This study did not detect variations among bark/wood tissue samples 
collected from different trees at different field locations (p = 0.05). 
The degree of hypovirulence exhibited by different strains of C. parasitica 
can be quite variable. True hypovirulence can only be conclusively determined by 
numerous inoculations and long incubations of the fungus on living trees in the 
field. Also, the presence of the virus that is so often associated with hypovirulence 
can only be conclusively confirmed by isolating nucleic acids from the infecting 
fungi. However, the bark/wood tissue test should prove to be very useful as an 
initial screening method to quickly select strains of C. parasitica with good 
hypovirulence potential. 
Rigling et al. (1989) suggested that dsRNA specifically affects phenol 
oxidase activity and not general viability of the strains, since the growth rate of 
hypovirulent strains on his modified Bavendamm’s medium was comparable to 
that of the virulent strains. They used Swiss virulent and hypovirulent strains, and 
electrophoretic analysis of dsRNA of hypovirulent strains revealed banding 
patterns similar to Italian hypovirulent strains. However, the hypovirulent strains 
used in my experiments grew more slowly than virulent strains on MBD. Colony 
growth, pathogenicity and phenol oxidase activity of C. parasitica strains were not 
correlated. Levels of pathogenicity and phenol oxidase activity among 
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hypovirulent strains were variable. This difference may be due to the difference 
in strains used or to differences in the components of the medium. 
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Table 3.1 Descriptions and sources of Massachusetts virulent (V) strains, 
hypovirulent (H) strains, and converted hypovirulent (CH) strains of Cryphonectria 
parasitica used in the study of cultural characteristics, pathogenicity, and phenol 
oxidase activity. Converted hypovirulent strains was produced by pairing 
Massachusetts virulent strains with hypovirulent strains. 
Strain Descriptions and sources 
1 " m 
Conversion1 Origin2 Phenotype3 
Virulent (VI 
PE184 Original V Pelham, MA N 
PE20 Original V Pelham, MA N 
PE23 Original V Pelham, MA N 
PE26 Original V Pelham, MA N 
PE27 Original V Pelham, MA N 
PE51 Original V Pelham, MA N 
HK18 Original V Holyoke, MA N 
HK27 Original V Holyoke, MA N 
HK34 Original V Holyoke, MA N 
SB2 Original V Schutesbury, MA N 
Hypovirulent 
CP6[I] 
m 
CP6[Italian H] CP6 (UV mutant, CT) met" 
CP29[I] CP29 [Italian H] CP29 (Guilford, CT) W 
CP30[I] CP30[Italian H] CP30 (Palmerton, PA) W 
CP37[I] CP37[Italian H] CP37 (Kentucky) w 
CP42[F] CP42[French H] CP42 (Mt,Carmel, CT) w 
CP46[I] CP46[Italian H] CP46 (Tuscany, Italy) w 
CP49 Original H Tuscany, Italy w 
1 V = Virulent strain, H = Hypovirulent strain, AAI = Arnold Arboretum 
isolate, V strain used in conversion! donor H strain ]. 
2 SCI = Single conidium isolate, CT = Connecticut, KN = Kentucky, 
PA = Pennsylvania, MA = Massachusetts. 
3 W = White, N = Normal pigment, F = Almost flat, O = Orange, 
met" = Methionine-requiring. 
4 Massachusetts virulent strains. PE = Pelham,MA; HK = Holyoke,MA; SB = 
Shutesbury. 
Continued to the next page 
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Table 3.1. (Continued) 
Strain 
Nn 
Descriptions and sources 
TNU. 
Conversion1 Origin2 Phenotype3 
Hvpovirulent (H) 
CP59[F] CP59[French H] W 
CP59[I] CP59[Italian H] W 
CP62[I] CP62[Italian H] CP62 (SCI of CP49) w 
CP74[I] CP74[Italian H] CP74 (Hamden, CT) w 
CP88 Original H Rockford, MI o 
CP110[I] CP110[Italian H] CPI 10 (Hamden, CT) w 
CP713 EP155[EP113] EP113 (Les Mayons, France) w 
CP747 EP155[EP419] EP419 (Mt.Amaita, Italy) w 
CP748 EP67[EP420] EP420 (Mt.Amaita, Italy) w 
CP752 EP42[EP420] EP420 (Mt.Amaita, Italy) w 
CP802 EP67[EP113] EP113 (Les Mayons, France) F 
AA3 AAI[French H] Arnold Arboretum, MA W 
AA14 AAI[French H] Arnold Arboretum, MA W 
AA22 AAI[French H] Arnold Arboretum, MA w 
GH2 Original H Grand Haven, MI N 
GHU4 Original H Grand Haven, MI N 
R1 Original H Roscommon, MI N 
K1 Original H Natural Bridge, KN N 
Converted Hvpovirulent (CH) 
PE18[29] PE18[CP29] CP29 w 
PE18[30] PE18[CP30] CP30 w 
PE20[29] PE20[CP29] CP29 w 
PE20[30] PE20[CP30] CP30 w 
1 V = Virulent strain, H = Hypovirulent strain, AAI = Arnold Arboretum 
isolate, V strain used in conversion[ donor H strain ]. 
2 SCI = Single conidium isolate, CT = Connecticut, KN = Kentucky, 
PA = Pennsylvania, MA = Massachusetts. 
3 W = White, N = Normal pigment, F = Almost flat, O = Orange, 
met' = Methionine-requiring. 
4 Massachusetts virulent strains. PE = Pelham,MA; HK = Holyoke,MA; SB = 
Shutesbury. 
Continued to the next page 
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Table 3.1. (Continued) 
Strain 
Nn 
Descriptions and sources 
Conversion1 Origin2 Phenotype3 
PE23[AA3] PE23[AA3] AA3 W 
PE23[30] PE23[CP30] CP30 W 
PE23[37] PE23[CP37] CP37 w 
PE26[748] PE26[CP748] CP748 w 
PE26[752] PE26[CP752] CP752 w 
PE27[747] PE26[CP747] CP747 w 
PE27[752] PE27[CP752] CP752 w 
PE51[713] PE51[CP713] CP713 w 
PE51[747] PE51[CP747] CP747 w 
PE51[748] PE51[CP748] CP748 w 
PE51[752] PE51[CP752] CP752 w 
HK18[752] HK18[CP752] CP752 w 
HK27[AA3] HK27[AA3] AA3 w 
HK27[30] HK27[CP30] CP30 w 
HK34[713] HK34[CP713] CP713 w 
HK34[747] HK34[CP747] CP747 w 
HK34[748] HK34[CP748] CP748 w 
HK34[752] HK34[CP752] CP752 w 
HK34[802] HK34[CP802] CP802 F 
SB2[748] SB2[CP748] CP748 w 
SB2[752] SB2[CP752] CP752 w 
EP155[713] EP155[CP713] CP713 w 
EP155[748] EP155[CP748] CP748 w 
1 V = Virulent strain, H = Hypovirulent strain, AAI = Arnold Arboretum 
isolate, V strain used in conversion! donor H strain ]. 
2 SCI = Single conidium isolate, CT = Connecticut, KN = Kentucky, 
PA = Pennsylvania, MA = Massachusetts. 
3 W = White, N = Normal pigment, F = Almost flat, O = Orange, 
met' = Methionine-requiring. 
4 Massachusetts virulent strains. PE = Pelham,MA; HK = Holyoke,MA; SB = 
Shutesbury. 
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Table 3.2. Growth of Massachusetts virulent strains of Cryphonectria parasitica on 
various media. 
Media2 
Mycelial growth (cm)1 
PDA* PDA+AB PDA+CB PDA+AW PDA+CW 
Virulent3 
PE18 5.0 7.0 7.2 7.2 7.0 
PE20 5.7 8.2 7.7 8.0 7.8 
PE23 5.0 7.5 6.9 7.3 7.2 
PE26 5.0 7.5 7.0 7.2 7.1 
PE27 4.6 7.4 6.9 7.0 7.2 
PE51 5.0 7.0 6.5 7.0 6.8 
HK18 5.9 8.3 7.6 8.0 7.8 
HK27 4.4 7.2 7.0 6.9 7.0 
HK34 5.2 7.5 7.1 7.2 7.4 
SB2 4.7 7.4 7.0 6.9 7.0 
CP155 4.2 7.0 6.9 7.1 7.0 
1 Diameter of growth in cm. 5 days after inoculation. Each data represent means 
of three replicates. 
2 PDA = Potato Dextrose Agar. PDA+AB = PDA with 5g/l ground American 
chestnut bark tissue. PDA+CB = PDA with 5g/l ground Chinese chestnut bark 
tissue. PDA+AW = PDA with 5g/l ground American chestnut wood tissue. 
PDA+CW = PDA with 5g/l ground Chinese chestnut wood tissue. 
3 Strains isolated from Pelham (PE), Holyoke (HK), Shutesbury (SB), 
Massachusetts, and Connecticut (CP). 
* Significantly different (p = 0.05) among media according to Duncan’s new 
multiple range test. 
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Table 3.3. Growth of hypovirulent strains of Cryphonectria parasitica on various 
media. 
Media2 
Mycelial growth (cm)1 
PDA PDA+AB PDA+CB PDA+AW PDA+CW 
Hypovirulent3 
AA3 3.7 4.9 4.4 4.3 4.0 
AA22 2.8 5.5 4.9 5.6 5.1 
CP29[I] 3.8 4.0 3.7 3.9 3.8 
CP30[I] 3.5 4.2 4.7 3.9 3.9 
CP37[I] 3.5 4.6 4.5 6.4 3.8 
CP42[F] 4.8 4.0 3.8 3.9 3.3 
CP46[I] 3.8 3.2 2.6 3.2 3.1 
CP49 3.7 1.7 2.0 2.2 2.8 
CP59[F] 2.6 2.8 2.3 2.2 2.5 
CP59[I] 3.8 3.2 3.4 3.3 2.9 
CP62[I] 3.3 4.2 3.5 3.4 3.1 
CP110[I] 3.7 3.7 4.3 3.7 4.0 
CP713 1.5 3.7 4.3 3.7 4.0 
CP747 1.8 1.3 1.1 1.4 1.4 
CP748 3.0 4.0 3.5 3.2 4.1 
CP752 3.5 4.9 4.5 4.3 5.0 
CP802 2.6 5.1 4.7 4.8 5.2 
GH2 3.5 4.3 4.7 4.8 5.2 
GHU4 3.6 1.5 2.2 3.1 1.6 
NB1 3.3 2.7 4.5 4.3 3.3 
1 Diameter of growth in cm. 5 days after inoculation. Each data represent means 
of three replicates. 
2 PDA = Potato Dextrose Agar. PDA+AB = PDA with 5g/l ground American 
chestnut bark tissue. PDA+CB = PDA with 5g/l ground Chinese chestnut bark 
tissue. PDA+AW = PDA with 5g/l ground American chestnut wood tissue. 
PDA+CW = PDA with 5g/l ground Chinese chestnut wood tissue. 
3 All hypovirulent strains, except GH2 and GHU4, were provided by Dr. S.L. 
Anagnostakis, Conn. Agric. Exp. Sta. Two American native hypovirulent strains, 
GH2 and GHU4, were provided by Dr. D.W. Fulbright, Michigan State 
University. 
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Table 3.4. Growth of hypovirulent strains converted from Massachusetts virulent 
strains of Cryphonectrici parasitica on various media. 
Media2 
Mycelial growth (cm)1 
PDA PDA+AB PDA+CB PDA+AW PDA+CW 
Converted H3 
PE18[29] 4.9 6.6 6.0 6.8 5.5 
PE20[30] 3.8 5.8 5.1 4.5 4.5 
PE23[AA3] 3.4 4.1 5.2 3.2 4.4 
PE23[37] 3.2 1.9 2.5 2.7 2.1 
PE26[748] 1.8 1.9 2.3 2.3 2.9 
PE51[713] 1.9 2.3 2.0 2.8 2.0 
PE51[752] 2.1 3.1 2.1 2.5 1.9 
HK34[802] 4.5 6.4 6.1 6.1 5.2 
1 Diameter of growth in cm. 5 days after inoculation. Each data represent means 
of three replicates. 
2 PDA = Potato Dextrose Agar. PDA+AB = PDA with 5g/l ground American 
chestnut bark tissue. PDA+CB = PDA with 5g/l ground Chinese chestnut bark 
tissue. PDA+AW = PDA with 5g/l ground American chestnut wood tissue. 
PDA+CW = PDA with 5g/l ground Chinese chestnut wood tissue. 
3 Virulent strains converted to hypovirulence by pairing with the hypovirulent 
strains in parenthesis. Hypovirulent strains used in conversion were provided by 
Dr. S.L. Anagnostakis, Conn. Agric. Exp. Sta., New Haven, Connecticut. 
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Fig. 3.1. Living tree inoculations for testing the pathogenicity of Cryphonectria 
parasitica strains on American chestnut trees (Castanea dentata). Plugs of bark 
were removed from the stem of living tree with a 7 mm cork borer. Agar plugs (7 
mm in diameter) with fungal mycelium were placed into holes cut in the bark, and 
then covered with water-proof tape (arrows). 
54 
Fix. 5.1 Excised >.cz section zsetbod for testing the pathogerdcr. of 
Cr ■.'phansc&iz perinea strains on stems excised iron: American chestnut trees 
ImzTer zzrzzzz Agar plugs with fengal my celium were inserted into holes and 
ze ziKdzar sxes -ere men sealed «f± parafQm to prevent desiccation. 
Singles -ere placed in the dark a: 15 C with izzh humidity. 
Fig. 3.3. Bark and wood tissue section method for testing the pathogenicity of 
Cryphonectria parasitica strains on bark and wood tissue sections from American 
chestnut trees (Castanea dentata). An mycelial plug (arrow) was placed on the 
center of each inner bark (B) and wood (W) tissue section. Samples were then 
incubated in the dark at 25°C on moistened filter papers inside petri dishes. 
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Fig. 3.4. Patnogenkxm of Crj^sj^e&rja. paravn/ja strains on Jiving American 
chestnut trees 'Cazzanza der^ata . Strains 1-70 are Massachusetts virulent strains 
PEI8, PE20, PE23, PE27, FE51* HK1S, HK27, HK34, and SB2, respectively. 
Strains 11-14 are hypovJmkr.istrai.nt AA3. 74 > 752, and 802, respectively. Strains 
15-17 are hypownileiastiaimSB2(748),PE23(AA3), and PE51 (752), respectively, 
which were converted from Mnnffaifftfi virulent strains to hypovirulence. Data 
represent means of three tanker areas err/)from drr'erert trees. 7he same letters 
on the bar are not significant; mmerer*. rp = 0.05) by Duncan's new multiple 
range test. 
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Strains 
Fig. 3.5. Pathogenicity of Cryphonectria parasitica strains on stems excised from 
American chestnut trees (Castanea dentata). Strains 1-10 are Massachusetts 
virulent strains PE18, PE20, PE23, PE27, PE51, HK18, HK27, HK34, and SB2, 
respectively. Strains 11-14 are hypovirulent strains AA3, 748, 752, and 802, 
respectively. Strains 15-17 are hypovirulent strains SB2(748), PE23(AA3), and 
PE51(752), respectively, which were converted from Massachusetts virulent strains 
to hypovirulence. Data represent means of three canker areas (cm2) from different 
excised stems. The same letters on the bar are not significantly different 
(p = 0.05) by Duncan’s new multiple range test. 
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Fig. 3.6. Necrotic areas on American chestnut bark and wood tissues inoculated 
with Cryphonectria parasitica strains. V is virulent strain PE23, and H is 
hypovirulent strain AA3. CH is hypovirulent strain PE23[AA3], which was 
produced by converting PE23 to hypovirulence via pairing with AA3. This 
photograph was taken 3 days after inoculations with the fungal strains. 
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Fig. 3.7. Pathogenicity of Cryphonectriaparasitica strains on bark and wood tissues 
from American chestnut trees (Castanea dentata). Strains 1-10 are Massachusetts 
virulent strains PE18, PE20, PE23, PE27, PE51, HK18, HK27, HK34, and SB2, 
respectively. Strains 11-14 are hypovirulent strains AA3, 748, 752, and 802, 
respectively. Strains 15-17 are hypovirulent strains SB2(748), PE23(AA3), and 
PE51(752), respectively, which were converted from Massachusetts virulent strains 
to hypovirulence. Data represent means of six necrotic areas (cm2) from three 
bark and three wood tissues. The same letters on the bar are not significantly 
different (p = 0.05) by Duncan’s new multiple range test. 
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Fig. 3.8. Pvcnidial formation of Cryphonectria parasitica strains on bark tissue 
sections from American chestnut tree (Castanea dentata). When the incubation 
time was extended to 3 weeks, Massachusetts virulent strains formed pycnidia 
(arrow's). Hypovirulent and converted hypovirulent strains did not produce 
abundant mycelium or any pycnidia, even after three weeks of incubation on the 
bark and wood tissue. 
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Fig. 3.9. Comparison of American chestnut bark and wood tissues in 
pathogenicity of Cryphonectria parasitica strains. Strains 1-10 are Massachusetts 
virulent strains PE18, PE20, PE23, PE27, PE51, HK18, HK27, HK34, and SB2, 
respectively. Strains 11-14 are hypovirulent strains AA3, 748, 752, and 802, 
respectively. Strains 15-16 are hypovirulent strains SB2(748), and PE23(AA3), 
respectively, which were converted from Massachusetts virulent strains to 
hypovirulence. 
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Fig. 3.10. Phenol oxidase (laccase) activity test of Cryphonectria parasitica strains 
on the modified Bavendamm’s medium (MBD). Color reactions on MBD, which 
indicate phenol oxidase activity, showed that virulent (V) strains turned this 
medium dark brown, while hypovirulent (H) and converted hypovirulent (CH) 
strains, in general, produced lighter yellow to brown. 
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Table 3.5. Phenol oxidase (laccase) activity of Massachusetts virulent strains of 
Cryphonectria parasitica on the modified Bavendamm’s medium (MBD). 
Strains1 Color reaction2 Growth (cm)3 
PE18 4 4.47* 
PE20 4 4.43* 
PE23 4 4.13c 
PE26 4 4.40* 
PE27 4 4.503 
PE51 4 4.30*“ 
HK18 4 4.50a 
HK27 4 4.23“ 
HK34 4 4.33abc 
SB2 4 4.23“ 
1 Strains isolated from Pelham (PE), Holyoke (HK), Shutesbury (SB), 
Massachusetts. 
2 Color reactions; 1 = yellow, 2 = light brown, 3 = brown, 4 = dark brown. 
3 Diameter of growth in cm. 4 days after inoculation. 
Data represent means of three replicates. Within column, means with the same 
letter are not significantly different (p = 0.05) according to Duncan’s new 
multiple range test. 
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Table 3.6. Phenol oxidase (laccase) activity of hypovirulent strains of 
Cryphonectria parasitica on the modified Bavendamm’s medium (MBD). 
Strains1 Color reaction2 Growth (cm)3 
AA3 1.0d 2.37hl 
AA22 1.0d 2.778b 
CP6[I] 1.0d 1.30n 
CP29[I] 1.0d 2.07J 
CP30[I] 2.0C 2.9T 
CP37[I] \.T 2.0Ok 
CP42[F] 1.0d 2.9T 
CP46[I] 1.0d 1.50"" 
CP49 1.0d 1.60lm 
CP59[F] 1.0d 2.10i 
CP59[I] l.T 2.73'E 
CP62[I] 1.0d 2.27ij 
CP74[I] 3.7^ 3.93a 
CP88 O'” 1.37"" 
CP110[I] l.T 333* 
CP713 1.0d 1.37mn 
CP747 1.0d 1.40mn 
CP748 1.0d 1.77“ 
CP752 1.0d 2.0? 
CP802 3.3ab 3.17de 
GH2 3.0b 3.63b 
GHU4 3.0b 2.57*" 
R1 4.0* 3.50^ 
K1 3.3ab 3.27* 
1 All hypovirulent strains, except GH2 and GHU4, were provided by Dr. S.L. 
Anagnostakis, Conn. Agric. Exp. Sta. Two American native hypovirulent strains, 
GH2 and GHU4, were provided by Dr. D.W. Fulbright, Michigan State 
University. 
2 Color reactions; 1 = yellow, 2 = light brown, 3 = brown, 4 = dark brown. 
3 Diameter of growth in cm. 4 days after inoculation. 
Data represent means of three replicates. Within column, means with the same 
letter are not significantly different (p = 0.05) according to Duncan’s new 
multiple range test. 
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Table 3.7. Phenol oxidase (laccase) activity of hypovirulent strains converted from 
Massachusetts virulent strains of Cryphonectria parasitica on the modified 
Bavendamm’s medium (MBD). 
Strains1 Color reaction2 Growth (cm)3 
PE18[29] 1.7 4.47a 
PE18[30] 1.0 2.57de 
PE20[29] 1.0 2.17fgh 
PE20[30] 2.0 3.00c 
PE23[AA3] 1.3 2.50'"' 
PE23[30] 2.0 2.1V 
PE23[37] 1.0 1.50,m 
PE27[747] 1.7 1.67““ 
PE27[752] 2.0 1.60lm 
PE51[713] 1.3 1.33“ 
PE51[747] 1.7 2.00h,Jk 
PE51[748] 1.3 1.50lm 
PE51[752] 1.3 1.07n 
HK18[752] 1.3 2.43d"' 
HK27[AA3] 1.0 2.80^ 
HK27[30] 1.3 2.33'l8h 
HK34[713] 1.3 1.63““ 
HK34[747] 1.7 1.63““ 
HK34[748] 1.7 3.07c 
HK34[752] 1.7 2.13'81' 
HK34[802] 3.7a 4.07b 
SB2[748] 1.7 2.1081” 
SB2[752] 1.7 1.73sld 
EP155[713] 1.3 1.70’“” 
EP155[748] 1.0 1.50lm 
1 Virulent strains converted to hypovirulence by pairing with the hypovirulent 
strains in parenthesis. Hypovirulent strains used in conversion were provided by 
Dr. S.L. Anagnostakis, Conn. Agric. Exp. Sta., New Haven, Connecticut. 
2 Color reactions; 1 = yellow, 2 = light brown, 3 = brown, 4 = dark brown. 
3 Diameter of growth in cm. 4 days after inoculation. 
Data represent means of three replicates. Within column, means with the same 
letter are not significantly different (p = 0.05) according to Duncan’s new 
multiple range test. 
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Table 3.8. Effect of different phenolic compounds on phenol oxidase activity of 
Cryphonectria parasitica strains. 
Color of Media Around Colony3 
Mediab GA GAME GALE CAT TAN MBD 
C. parasitica 
Virulent 
PE18 2 2 1 1 1 4 
PE20 2 2 1 1 3 4 
PE23 2 2 1 1 3 4 
PE26 2 2 1 1 4 4 
PE27 2 2 1 2 4 4 
PE51 2 2 1 2 4 4 
HK18 1 2 1 1 4 4 
HK27 2 2 1 1 4 4 
HK34 2 2 1 1 4 4 
SB2 2 2 1 1 4 4 
Hypovirulent 
AA3 1 1 1 1 1 1 
713c 3 2 1 1 2 1 
748c 3 1 1 1 1 1 
752c 2 2 1 1 2 1 
802c 1 
Converted HV 
1 1 1 1 3 
SB2[CP752] 3 3 1 1 2 2 
PE23[AA3] 1 1 1 1 2 2 
a Color reactions; 1 = yellow, 2 = light brown, 3 = brown, 4 = dark brown. 
b All media, except MBD, contained Glucose (10g/l), Glutamic acid (2g/l), 2% Agar, 
and one of the following phenolic compounds: GA = Gallic acid (5g/l); GAME 
= Gallic acid methyl ester (5g/l); GALE = Gallic acid lauryl ester (5g/l); CAT = 
Catechin (5g/l); TAN = Tannic acid (5g/l). 
MBD = Modified Bavendamm’s medium (1.5% Malt extract, 0.5% Tannic acid, 
and 2% Agar). 
c Strains from the Connecticut Agricultural Experiment Station. 
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CHAPTER IV 
EFFECTS OF GLUCOSE AND ADENOSINE 3\5’-CYCLIC 
MONOPHOSPHATE (cAMP) ON HYPOVIRULENT STRAINS OF 
CRYPHONECTR1A PARASITICA IN VITRO 
A. Introduction 
Adenosine 3’,5-cyclic monophosphate (cAMP) has been studied as an 
intracellular regulator mostly in higher animals and in Escherichia coli and related 
gram negative bacteria. 
In animal cells, cAMP is found to control a wide variety of unrelated 
functions most commonly in a second messenger role. In E. coli cells, the level 
of cAMP are found to be decreased by glucose and other carbon sources, and 
exogenously added cAMP activates a variety of glucose-repressed functions, 
including catabolism of carbon sources. Primary evidence concerning site and 
mode of action of cAMP in bacteria has been obtained from studies with cell-free 
systems which indicate that cAMP and a cAMP binding protein form a complex at 
the promoter region of the operon that initiates transcription by facilitating RNA 
(Ribonucleic Acid) polymerase binding. 
Studies of cAMP function in fungi have concentrated on functions 
repressed by glucose as well as on diverse developmental and other specific 
responses reported to be influenced by cAMP in higher animals. Evidence has 
been obtained that cAMP control a variety of functions in fungi, including 
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utilization of endogenous and exogenous carbon sources, conidiation, 
dimorphism in several fungi, the sexual process, and phototrophism. 
Exogenous cAMP has been used to try to trigger cAMP-mediated 
responses in a wide variety of fungi. Typically, concentrations of 1 to 5 mM have 
been used. Presumably, such high concentrations of exogenous cAMP are 
required because of the low permeability of the cell to cAMP and the rapid 
turnover of cAMP in these cells. Since cAMP has a number of diverse effects on 
cell function, this study was initiated to determine if cAMP would have a dsRNA 
curing effect in Cryphonectria parasitica. 
B. Materials and Methods 
1. Fungal strains and cultural conditions 
Ten hypovirulent strains (3 strains with Italian dsRNAs, 3 strains with 
French dsRNAs, and 4 strains with American dsRNAs) were used (Table 4.1). 
All fungal strains were grown on PDA (Potato Dextrose Agar) in petri dishes at 
25°C. All subsequent experiments used 5 day old cultures from the PDA plates. 
2. DsRNA curing treatments using glucose, cyclic nucleotides and rifamycin 
Mycelial plugs (5 mm diameter) from hypovirulent isolates were placed on 
2% water agar (WA) containing cyclic nucleotides, i.e., cyclic AMP, Guanosine 
3\5’-cyclic monophosphate (cGMP), Dibutyryl cAMP or Rifamycin. Cyclic 
nucleotides were filter-sterilized and 0.1 ml were added on 20 ml of WA to make 
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a final concentration of 0.5 or 1.0 mM. Added cyclic nucleotides were gently 
spread on the solidified WA with a sterilized glass rod and plates were kept at 
room temperature for 2 hours. Rifamycin solution and 2% WA were autoclaved 
separately, and then the former was added to 75jug/ml and mixed with the latter 
before pouring into petri dishes. Glucose and asparagine were added to a 
concentration of 1% and 2% as a carbon and a nitrogen source, respectively. 
Two percent WA with no glucose was used as a control. Inoculated plates were 
kept in the dark at 25°C for 3 weeks. 
3. Cultural characteristics of Cryphonectria parasitica 
After 3 weeks of incubation, agar plugs from the edge of actively growing 
mycelium or from the sectoring parts, if the culture produced sectors, were 
transferred to fresh PDA. The cultures were kept in the dark at 25°C for 5 days, 
and cultural characteristics and colony growth were recorded. 
4. Pathogenicity tests 
Agar plugs with mycelium from the advancing edge of actively growing 
colonies on PDA were inoculated on bark and wood tissues of American chestnut 
trees, which were then kept in the dark at 25°C. After 4 days of incubation, the 
percentage of necrotic area was measured and calculated. Samples were then 
incubated for an additional 2.5 weeks to see if pycnidia would develop (Lee et al., 
1992). 
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5. Double-stranded RNA (dsRNAl analysis 
The procedure for isolating dsRNA was as follows (Hillman et al., 1990). 
Agar plugs were inoculated on sterilized cellulose membranes placed on fresh 
PDA and kept at 25°C for 7-15 days. Mycelium was harvested by scraping with a 
sharp needle, then wrapped in aluminum foil, and stored at -80°C. Mycelium 
was frozen in liquid nitrogen and ground in a chilled mortar and pestle with glass 
beads (490 Aim). Mycelial powder was then transferred to 50 ml polypropyrene 
tubes. Four ml of 2 X STE (1 X = 100 mM NaCl, 50 mM Tris pH 7.8, 2 mM 
EDTA) were added per gram of sample. To this sample, 0.1 volume of 0.1 g/ml 
bentonite, 0.15 volume of 10% Sodium dodecyl sulfate (SDS), and 1.5 volumes 
of 1 X STE-saturated phenol was added. Tubes were placed in an ice bath and 
shaken at 120 rpm for 30 minutes to form a slurry. Then the tubes were 
centrifuged at 7,700 x g for 10 minutes, and the supernatant transferred to clean 
tubes. The same volume of phenol/chloroform/isoamyl alcohol (25:24:1) was 
added and centrifuged at 7,700 x g for 10 minutes. The aqueous phase was saved 
and again extracted with phenol/chloroform/isoamyl alcohol. Two and half 
volumes of 95% ethanol was added and placed at -80°C for 20 minutes. The 
samples were then centrifuged at 10,000 x g for 20 minutes, and the pellet 
washed with 70% ethanol (centrifugation at 10,000 x g for 10 minutes). After 
centrifugation, the pellet was dried for 1 hour, and then resuspended in sterile 
water. At this point, samples contained predominantly DNA, single-stranded 
RNA, and double-stranded RNA. Samples were adjusted to 20 mM Tris, pH 7.4, 
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20 mM MgCl2, and 5 jul of DNAse (PromegaR) were added per gram of 
mycelium. After 2 hours incubation at 37°C, NaCl was then added to 0.3 M or 
slightly above followed by the addition of RNAse A (PromegaR)(20 >ug/ml). 
Samples were incubated at 37°C for 30 minutes. Proteinase K (SigmaR) was then 
added to 50 ug/ml and incubated at 40°C for 1 hour. Extraction of the reaction 
mixture was done once with phenol/chloroform/isoamyl alcohol (25:24:1) and 
once with chloroform/isoamyl alcohol (24:1). One-third volume of 9 M 
Ammonium acetate and 2 volumes of 95% ethanol were added to the aqueous 
phase, and kept overnight at -20°C. Nucleic acid was collected by centrifugation, 
washing, drying, and resuspending in 1 X STE as described above. At this point, 
samples contained predominantly dsRNA. 
DsRNA banding patterns were analyzed by performing electrophoresis on 
1 % agarose gels in TPE buffer ( 35mM Tris pH 7.8, 30 mM NaH2P04, ImM 
EDTA ), followed by staining with ethidium bromide for 10 minutes, destaining 
with water, and observing on a UV trans-illuminator. 
C. Results 
1. Cultural characteristics 
All of the hypovirulent strains grown on WA containing no glucose, 1% 
glucose, or 1% glucose and cyclic nucleotides resulted in thin and sparse mycelial 
growth as compared to the mycelial growth on PDA. The addition of glucose and 
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cyclic nucleotides to WA induced more mycelial growth. Some of the treatments 
produced sectors which started to grow 5 days after inoculation (Fig. 4.1). Two 
hypovirulent strains with French dsRNAs, 713 and PE51[713], produced sectors 
on WA if only glucose was added to the media. Two hypovirulent strains with 
Italian dsRNAs, 748 and PE51[748], produced sectors only when glucose and 
cyclic nucleotides were treated together on WA. Whenever agar plugs from these 
sectoring parts were transferred to fresh PDA, they behaved as a normal virulent 
strain of Cryphonectria parasitica as compared to cultural morphology (Table 4.2). 
The colonies were yellow in color, and mycelial growth was fast and abundant. 
Non-sectored parts maintained the typical cultural morphology and growth 
characteristics of hypovirulent strains when these were transferred to PDA (Fig. 
4.2). One strain with Italian dsRNAs (49[I]), one strain with French dsRNAs 
(42[F]), and American native hypovirulent strains never produced sectors by any 
treatments. However, 49[I] and 42[F] treated with glucose and cyclic nucleotides 
generally produced more mycelium, and one American hypovirulent strain GHU4 
treated with glucose and cAMP took on the characteristics of virulent strains 
when agar plugs from the edge of actively growing mycelium were transferred to 
fresh PDA (Table 4.3). 
2. Pathogenicity tests 
All cultures were tested in pathogenicity by the bark and wood tissue 
method after checking colony morphology and colony growth. Cultures which 
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were presumably cured of dsRNA changed in colony morphology and colony 
growth and resulted in high pathogenicity after 4 days of incubation on bark and 
wood tissues, while those presumably not cured of dsRNA showed low 
pathogenicity (Table 4.4). When the bark and wood samples were kept for an 
additional 2.5 weeks, pycnidial formation was abundant on both inner and outer 
surfaces of the bark and wood tissues inoculated with " cured " cultures. Bark and 
wood tissues inoculated with " uncured " cultures did not produce pycnidia. 
3. Double-stranded RNA (dsRNA) analysis 
All hypovirulent strains used contained dsRNAs. However, dsRNA was 
not detectable from the " cured " strains, while " uncured " strains kept the 
dsRNA bands at the same positions to those of original hypovirulent strains as 
shown by gel electrophoresis (Fig. 4.3, 4.4, 4.5, 4.6, 4.7, 4.8)(Table 4.5.). 
D. Discussion 
French hypovirulent strains, 713 and PE51[713], were cured only by 
glucose, while Italian and American hypovirulent strains were cured by glucose 
and cyclic nucleotides. When the hypovirulent strains were cured of dsRNA, they 
took on the characteristics of normal virulent strains, and virulence was restored. 
DsRNA bands were not detectable by gel electrophoresis from the cured 
strains, while uncured strains retained dsRNA bands. It is assumed that a RNA- 
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dependant RNA polymerase gene(s), which regulates RNA replication, was 
depressed by cyclic nucleotides, and subsequently RNA replication was inhibited 
and virulence returned as all genes can be expressed. In this experiment, both 
cyclic nucleotides and glucose tend to repress either directly or indirectly the 
activity of RNA-dependant RNA polymerase so that unlike E. coli, these agents 
act in parallel and not antagonistically. 
Dibutyryl cAMP, which is the most commonly used cAMP analog, was 
found to be less active or no more active than cAMP itself. It seems that 
dibutyryl cAMP is relatively inactive in this fungus, because it is not efficiently 
converted into monobutyryl cAMP, which is active analog. 
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Table 4.1. Description and sources of hypovirulent strains of Cryphonectria 
parasitica used in curing experiment. 
Strain 
Nn 
Description and Source 
U. 
ATCC No. Conversion1 Origin Phenotype2 VCGs3 
Italian 
CP49 38759 Original H Tuscany, Italy W 12 
CP748 52572 EP67[EP420] EP420 (Mt.Amaita, Italy) W 10 
PE51[748] PE51[CP748] CP748 w 
French 
CP42[F] 38751 CP42[French H] CP42 (Mt.Camel, CT) w 5 
CP713 52571 EP155[EP113] EP113 
(Les Mayons, France) 
w 40 
PE51[713] PE51[CP713] CP713 w 
American 
GH2 Original H Grand Haven, MI N 
GHU4 Original H Grand Haven, MI N 
R1 Original H Roscommon, MI N 
K1 Original H Natural Bridge, KN N 
1 V = Virulent strains, H = Hypovirulent strains, PE51 = Massachusetts virulent 
strain isolated from Pelham, Massachusetts. 
V strain used in conversion! donor H strain ] 
2 W = White, N = Normal pigment 
3 VCGs = Vegetative Compatibility Groups 
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Fig. 4.1. Sectoring (S) of a hypovirulent strain of Cryphonectria parasitica on 
water agar containing 1% glucose and cAMP. Sectoring started 5 days after 
inoculation. 
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Fig. 4.2. Colony morphology and growth of cured (C) and uncured (UC) strains 
of Cryphonectria parasitica on PDA after the transferring of agar plugs from 
sectored or non-sectored parts. 
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Fig. 4.3. DsRNA bands of cured and uncured strains (713) of C. parasitica. 
Lane (1-2) : cured strains (713) treated with 1% glucose and 0.5mM cGMP, (3) : 
lkb DNA ladder [Bethesda Research Laboratories (BRL)], (4-5) : hypovirulent 
strains (713). Lane (2,5) : Total nucleic acids, which shows DNA, ssRNA, and 
dsRNA before DNAse and RNAse treatment. Lane (1) shows no bands after 
DNAse and RNAse treatment, while lane (4) shows dsRNA bands (arrow) after 
DNAse and RNAse treatment. 
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Fig. 4.4. DsRNA bands of cured and uncured strains (748) of C. parasitica. 
Lane (1) and (5) : lkb DNA ladder [Bethesda Research Laboratories(BRL)], (2) 
cured strain (748) treated with 1% glucose and 0.5mM cGMP, (3) cured strain 
(748) treated with 1% glucose and l.OmM cAMP. (4) : hypovirulent strain (748). 
See the differences between lane (2), (3), and lane (4). Lane (4) have detectable 
dsRNA bands (arrow'), w'hile lane (2) and (3) have no detectable dsRNA bands. 
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